Aim: To determine the common genotypes of Giardia duodenalis causing diarrhea in the study region and to assess the extent of genetic polymorphism among them. Study Design: Stool samples were collected from the patients attending IDBG Hospital, Kolkata with diarrheal complaints through a systemic sampling technique and were screened for Giardia duodenalis. The G. duodenalis positive samples were subjected to molecular genotyping through 'PCR -Direct DNA sequencing' procedure. All the sequence data obtained were incorporated into MEGA 4 software for multiple alignment and validation followed by phylogenetic analysis. The genotyping data obtained are stored in Excel spreadsheets and incorporated into EpiInfo 3.1 for analyzing possible association of genotype outcome with common physical factors such as age, sex etc. Place and Duration of Study: Department of parasitology, National Institute of Cholera and Enteric Diseases, Kolkata, India from July 2009 to November 2011. Methodology: A total of 68 Giardia duodenalis positive stool samples were identified from
INTRODUCTION
Giardia is a genus of intestinal flagellates that infects a wide range of vertebrate hosts. The genus currently comprises six species namely Giardia agilis, Giardia ardeae, Giardia psittaci, Giardia microti, Giardia muris and Giardia duodenalis (syn. intestinalis) infecting amphibians, birds, rodents and mammals [1] . These species can be distinguished based on the morphology and ultrastructure of their trophozoites. Among them only G. duodenalis is responsible for giardiasis in human, although it can also infect other vertebrates [2] . According to the previous reports, the members of species G. duodenalis have negligible morphological variations but great genetic diversity. Therefore, they are regarded as a species complex [3] with eight distinct genetic groups or assemblages (A-H) [4] . Assemblage A and B can infect and multiply in humans and other mammals whereas the remaining assemblages show a much restricted host range. Likewise C and D mostly infect the canids, whereas E, F, G and H infect livestock, cats, rodents and marine vertebrates respectively [4, 5] . Kolkata (N 22º577242 E 88º398743) is a densely populated city of India, where the giardiasis in human caused by infection of G. duodenalis is a serious problem of public health. It is one of the major metro cities of eastern India and Southeast Asia with plenty of immigration and emigration of multi cultured people with varied socio economic condition. It has a favorable climatic condition for the growth of enteric pathogens. So, it is very much likely to find plenty of opportunistic enteric parasites in this city. Previously, the prevalence of Giardia in Kolkata has been studied by Mukherjee et al. [9] but no genotyping study was reported. Genotyping of local Giardia isolates could possibly reflect the scenario of an urbanized region of a developing country with similar demography. Assemblage type has been thought to be associated with the risk factors of the disease [6] , hence genotyping may help in better understanding of the parasite epidemiology in a particular setting or area [7] . Therefore, we decided to investigate the common genotypes of Giardia duodenalis circulating within the limited boundary of Kolkata.
Many genotyping studies based on single locus analysis of G. duodenalis have shown the presence of a particular assemblage in variety of hosts. Irrespective of the marker loci and the hosts the sequence obtained from G. duodenalis isolates appeared to be similar if not identical [8] and were regarded as possible transmission of the parasite among different animal host. Here we have used multi-locus genotyping for proper discrimination of assemblages. Detection of true mixed assemblages through combined analysis of three different loci is possible with the help of this process.
MATERIALS AND METHODS
The study has received an ethical clearance from the institutional (NICED) ethical committee. All the stool samples were collected as a part of an ongoing project between NICED and IDBG hospital through a "systemic sampling technique". Single stool samples were taken from 700 subjects attending IDBG hospital who had previously tested for Giardia duodenalis via microscopy, PCR and ELISA following published protocols [9] , and were kept at -80°C. Samples were selected from every fifth diarrhea patient in two randomly selected days of a week and enrolled in the study from July 2009 to November 2011; the subjects were identified depending on two criteria: a. the subject should be residing within the city boundary; b. at least 20 mL of stool sample are available at the time of enrolment i.e. before medication. The whole study remained unbiased of age and gender of the subjects. (www.Giardiadb.org), were individually amplified according to the previously described nested PCR protocols [10] [11] [12] . The tpi gene is mapped to chromosome no. 5 whereas gdh and ßg are mapped to chromosome no. 4 [1] . The nested PCR products were separated in 1.5% (w/v) agarose gel and purified by gel cut purification process using High Pure PCR purification Kit (Roche, Germany) as per the manufacturer's protocol. Bi-directional sequencing was performed with the respective purified products and nested PCR primers on an ABI 3100 automated sequencer by using the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem, USA). The sequences obtained from all three loci (ßg, gdh and tpi) were validated using the database BLAST search (i.e. NCBI and Giardiadb) and were submitted to NCBI GenBank (ACC no. JF918436 -JF918523 & JN647526 -JN647641). The sequences from each locus were separately aligned by using 'MEGA Version 4' software [13, 14] and were manually checked and edited. Previously reported sequences of the respective loci representing different G. duodenalis assemblages were included in the analysis to get a better resolution of the assemblage distribution. The extent of sequence diversity among the wild isolates based on the target loci was determined using the 'Maximum Composite Likelihood' method through the MEGA4 software. Three separate 'Neighbor-Joining (NJ)' phylogenetic trees [15] for each locus were generated using MEGA4 for the 14 unassigned isolates (Fig. 1) . Previously reported sequences of the respective loci representing different G. duodenalis assemblages were also included along with closely related species such as Giardia ardeae/muris as an out-group for acquiring a better resolution and topology of the evolutionary tree. Reliability of the phylogenetic analysis was assessed by using 'Maximum Composite Likelihood' model and bootstrap method with 1000 replicates [16, 17] .
RESULTS AND DISCUSSIONS
A total of 68 out of 700 G. duodenalis positive fecal samples were processed. Based on the cumulative sequence data of all three loci, 41 samples could be assigned as assemblage 'B' (60.2%) and 13 as assemblage 'A' (19.1%), while 14 (20.5%) isolates showed multiple assemblages depending on the marker loci (Supplementary Table 1 ).
Sequence analysis showed higher degree of diversity in the 'tpi' loci in compare to other two ( Table 1) . 
The number of base substitutions per site from averaging over all sequence pairs is shown. All results are based on the pairwise analysis of 'N' number of sequences. Standard error (SE) estimate(s) are shown besides the diversity (D) estimates and were obtained by a bootstrap procedure (1000 replicates). Analyses were conducted using the Maximum Composite Likelihood method in MEGA4. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). The tpi loci showed highest diversity in compare to the other two.
Detection of Assemblage 'B' and assemblage 'A' overlaps the results obtained from previous studies in southern India using single locus PCR-RFLP method [18] . However, non-specific sequence heterogeneity among same loci of identical assemblages led to the difficulty in assigning sub-assemblages [19] . In the previous reports from the same country, presence of mixed assemblages may be evident but, those were usually found through multiple assemblage specific bands in RFLP analysis of a particular locus [18] . This may occur due to presence of overlapping DNA sequence derived from two or more different isolates, although it was not proved. The unique finding of our study was, 14 (20.5%) isolates showed multiple assemblages depending on the marker loci. Clustal distribution with these 14 isolates in the NJ tree revealed a better picture where isolates were placed in distinct clusters of assemblage A and B (marked with red and blue bars respectively) supported by high boostrap values (Fig. 1 ) but, the cluster selection (i.e. A or B) of the isolates were different for each loci. For example the isolate number GLI11 is positioned in assemblage A cluster in 'ßg' and 'gdh' tree ( Fig. 1A & B) but falls in the other cluster in 'tpi' tree (Fig. 1C) . Again isolate GLI23 is positioned in assemblage A cluster in ßg and 'tpi' tree ( Fig. 1A & C) but is present in the assemblage B cluster in 'gdh' tree (Fig. 1B) . Homology analysis showed that the sequences within each assemblage A and B clusters for all the loci are mostly homologous (data not shown) taking all the isolates in account. Also in the combined phylogenetic analysis, these 14 isolates doesn't make any separate cluster and moreover they are evenly distributed in the respective cluster either assemblage A or B similar to Fig. 1 . Hence, in this case the outcome of assemblage was solely depended on the marker loci (Supplementary Table 2 ). Association of genotype outcome with other physical factors such as Age, Sex and co-infection status was also checked but no particular association was observed (Supplementary File 1) . From this finding it can be said that the differential taxon position of this 14 isolates could not be due to chance and it is a true example of mixed assemblage. Similar results are frequently reported in dogs where genotyping results changes with either host-adapted non-zoonotic assemblages C and D or as assemblage B with a zoonotic potential [17, 20, 21] depending upon the genetic markers used. This has a very high impact on the implication of the molecular epidemiological studies given that; different outcome is possible with usage of different markers, thus confirming the importance of multi locus genotyping in case of environmental samples. Two major reasons can be placed in favor of this outcome i.e. presence of mixed infection and occurrence of genetic recombination through sexual reproduction [22, 23] . Previous reports of mixed assemblages relied on the presence of multiple peaks in a particular position in the chromatograms which lead to the ambiguous taxon positioning of the isolates in the phylogenetic tree which can be due to mixed infection but, in this case all the isolates with dual genotype are positioned perfectly in a particular cluster for a specific loci. Although, recent reports suggest towards considering this type of observations as mixed assemblage infection, in spite of a thin probability of inter-assemblage recombination [24] , still detailed molecular epidemiological study is required to find out the exact reason behind this unique finding. However, detection of high percentage of mixed genotype is evident, whether it is due to mixed infection or genetic recombination.
CONCLUSION
The study provided some useful information regarding the presence of common Giardia duodenalis genotypes in the city. High percentage of mixed assemblages in an endemic tropical city like Kolkata can explain the possibility of uncontrolled transmission of Giardia, leading to easy mixing of multiple genotypes. Other than the public health importance, abundance of mixed assemblages also enlightens the possibility of inter isolate genetic exchange among Giardia sp.
